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A CRANKCASE SCAVENGED FOUR -STROKE ENGINE 



Technical field 

The subject invention refers to a crankcase scavenged four-stroke engine 
according to the preamble of claim 1. It is primarily intended for a portable tool 
such as a chain saw, a trimmer or a power cutter. 

Background of the invention 

Portable tools such as chain saws or power cutters are used in many 
different handling positions, even upside down. They are therefore usually 
crankcase scavenged and lubricant, e.g. oil is supplied to the crankcase. This 
lubrication system works in every handling position. These engines are usually of 
two-stroke type, but also four-stroke engines have been suggested. 

US patents 4,708,107, 5,347,967, 5,579,735 and 6,145,484 and 
DE 30 22 901 show crankcase scavenged oil in fuel engines. A flow is arranged 
via the valve drive assembly housing into the combustion chamber via the intake 
valve. This system provides good lubrication but gives a strong heating of the 
intake air being in contact with very hot engine parts. This reduces the power 
output. This applies also for a part flow in US 6,401,701 and DE 34 38 031. 
However, this requires a very complex structure of the intake system. 

There are also designs that are not crankcase scavenged and lubricated. In 
these designs an oil sump or tank is filled with oil to a recommended oil level. 
Therefore there is no need to supply oil to the fuel. But instead they need an oil 
tank or oil sump of considerable size. This tank or sump usually reaches well 
below the level of the crankcase. Therefore the size and the weight of the engine 
is increased considerably. Examples are EP 1 134 365 and EP 1 136 665. They 
also use special extra parts for creating oil mist. 

US 6,152,098 shows a design with an oil sump of considerable size 
reaching down well below the crankcase. It is to be filled with oil to a prescribed 
level. Weight and size is somewhat reduced compared to the EP application- 
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designs above, but is still a problem. The engine is crankcase scavenged using 
pure fuel, i.e. not mixed with oil. 

US 6, 145,484 shows some versions that are not crankcase scavenged but 
have ducts leading from the intake duct both to the crankcase and to the valve 
5 drive assembly in a complex manner. 

Purpose of the invention 

The purpose of the subject invention is to substantially reduce the above 
outlined problems and to achieve advantages in many respects. 

10 

Summary of the invention 

The above-mentioned purpose is achieved in a crankcase scavenged four- 
stroke engine in accordance with the invention having the characteristics 
appearing from the appended claims. The crankcase scavenged engine in 

15 accordance with the invention is thus essentially characterized in that it further 
comprises: a valve drive assembly housing comprising one or more sections 
which is/are separate from the crankcase volume but in communication 
exclusively with the crankcase volume through at least one small size passage, 
and each section of the valve drive assembly housing has a lowest part situated 

20 higher in the axial direction of the cylinder bore, i.e. closer to the combustion 
chamber, than the lowest part of the crankcase. This means that there is no flow 
through the valve drive assembly housing into the combustion chamber. 
Therefore the intake air is essentially not heated by very hot parts of the engine. 
This increases power output. The small size passage has a limited impact on the 

25 capacity of the crankcase pumping. As there is no oil sump or oil tank the engine 
will be more compact and weigh less and the lowest part of the valve drive 
assembly housing is situated higher than the crankcase. The small size of the 
valve drive assembly housing means that it will collect only small amounts of oil 
during normal operation of the engine. 

30 In one embodiment there is only a single small size passage free from 

valves, but there can also be more passages and they can also be provided with 
different kind of valves. 
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Further characteristics and advantages of the invention will be apparent 
from the description of preferred embodiments. The embodiments can be 
combined. 

5 Brief description of the drawings 

The invention will be described in closer detail in the following by way of 
various embodiment thereof, with reference to the accompanying drawing figures 
in which the same numbers in the different figures state one another's 
corresponding parts. For convenience up and down in the engine refers to up and 

10 down in the drawing figures. The engine can be arranged in various positions in 
different products and these products can be used in different positions. 

Figure 1 is a perspective view of a four-stroke engine according to the 
invention. It shows the main parts of the engine and especially the valve drive 
assembly housing and its different sections. 

15 Figure 2 is a side view of the engine according to figure 1. Two lids have 

been lifted off. 

Figure 3A and 3B show two important cross-section views of the engine 
side by side. The crankcase volume and the valve drive assembly housing and its 
different sections with the valve drive assembly appears clearly. 
20 Figure 4A shows a cross-section view of the engine and a small size 

passage connecting a crankcase volume and the valve drive assembly housing. 

Figure 4B shows a number of different small size passages controlled by 

valves. 

Figure 5 shows a cross-section view of the engine as seen along the 
25 crankshaft. 

Figure 6 shows an alternative embodiment of a four-stroke engine having 
an overhead cam shaft. 

Description of preferred embodiments 

30 Figure 1 shows a crankcase scavenged four-stroke engine 1 according to 

the invention as seen in a perspective view. The engine has a cylinder 2 with 
cooling fins 32 and a spark plug 33. A crankcase 11 is connected below the 
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cylinder 2. An overflow channel 17 connects to the crankcase or the cylinder and 
to the intake opening with intake valve. A mixture preparation device 15 for 
supplying an air-fuel-lubricant mixture is connected to the cylinder. A valve 
drive assembly 18 is enclosed in a valve drive assembly housing 19, 20, 21, 21% 
5 22. 

A small size passage 23 is connected between the crankcase 11 and the 
lowest section 19 of the valve drive assembly housing. The second lowest section 
of the valve drive assembly housing 20 is covered by a lid 34. The top section 22 
of the assembly housing is connected to the lower sections 20, 19 through tubes 

10 21, 21', and is covered by a lid 35. 

Figure 2 shows a view from the side of the engine according to figure 1. 
The lid 34 has been removed. Also the lid 35 of the top section 22 has been 
removed. A part of the valve drive assembly 18 is thereby shown. Two rocker 
arms 36, 36' are shown as well as two push rods 37, 37'. A crankshaft 4 is also 

15 visible in both ends protruding out of the crankcase 11. 

In figure 3a and 3b the two most important sections of the engine are 
shown. The two sections are shown side by side and the crankshaft 4 is lying on 
the axis 38. Figure 3b shows the engine cylinder 2 with a piston 3 movably 
mounted in the cylinder in order to rotatingly drive the crankshaft 4 via a 

20 connecting rod 5. The cylinder and the piston conjointly delimit a combustion 
chamber 6. The cylinder having an intake opening 7 and an intake valve 8 for 
opening and closing the intake opening. The cylinder has an exhaust opening 9 
and an exhaust valve 10 for opening and closing the exhaust opening, followed 
by an exhaust duct 28. The overflow channel 17, connecting the crankcase or 

25 cylinder and the intake opening 7, is clearly shown as the mixture preparation 
device 15. It supplies an air-fuel-lubricant mixture to a crankcase volume 12. It 
could also supply air and lubricant to the crankcase volume 12. In this case fuel 
is supplied to the overflow channel 17 and mixed with air or maybe directly into 
the combustion chamber 6. A two stage apparatus is thus possible. The 

30 crankshaft 4 has a crank mechanism 31, 31' connecting the crankshaft with a 
connecting rod 5. A small size passage 23 connects the crankcase volume 12 
with the valve drive assembly housing 19, 20, 21, 21', 22. This housing is shown 
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clearly in figure 3 A. The small size passage 23 coming from the crankcase 11 
arrives at the lowest section 19 of the valve drive assembly housing. The next 
section or middle section 20 is connected to the top section 22 via the tubes 21, 
21\ 

5 A crankshaft gear wheel 29 is arranged on the crankshaft in the lowest 

section 19 of the valve drive assembly housing. This section has an approximate 
radius that is considerably smaller than the corresponding radius of the crankcase 
and can therefore not form an oil sump. A cooperating gear wheel 39 is supplied 
with a fixed cam 40. Two cam followers 41 , 41' ride on this cam. They each 

10 have a push rod 37, 37' that drives the valves 8, 10 via the rocker arms 36, 36'. 
This is conventional and is therefore not further described. 

However, a small size connection between the crankcase volume 12 and 
the valve drive assembly housing 19, 20, 21, 21% 22 is special. The valve drive 
assembly housing comprises one or more sections 19, 20, 21', 21% 22, which 

15 is/are separate from the crankcase volume but in communication exclusively with 
the crankcase volume through the small size passage 23. As can be clearly seen 
each section 19, 20, 21, 21% 22 of the valve drive assembly housing has a lowest 
part situated higher in the axial direction of the cylinder bore, i.e. closer to the 
combustion chamber than the lowest part of the crankcase. They can therefore 

20 not form an oil sump when the engine is operated in normal positions. 

Figure 4A shows one embodiment of a small size passage 23. The passage 
is arranged as a duct leading from the crankcase 11 to the lowest section 19 of 
the valve drive assembly housing. The passage 23 is free from valves and there is 
only a single small size passage free from valves. The small size passage 23 has 

25 an area smaller than the cross-section area of an aperture with a diameter of 40 % 
of the cylinder diameter and preferably smaller than 30 % of the cylinder 
diameter. For lubrication purposes it could be preferable to have a very small 
cross-section area smaller than the cross-section of an aperture with a diameter of 
20 % of the cylinder diameter and preferably 10 % of the cylinder diameter. But 

30 there can also be more than one passage. In this case the total cross-section area 
should be smaller than the cross-section area of the mentioned sizes. One or more 
passages can be arranged in many ways. As shown in figure 4A the right bearing 
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42, i.e. a bearing on the right side of the crank mechanism 31, 31', is sealed. 
Therefore it will not leak between the crankcase volume 12 and the valve drive 
assembly housing. The left bearing 43 is not sealed. If that kind of bearing would 
be used on the right side it would give considerable leakage between the 
5 volumes. But it could also be partly sealed to form a small size passage of 
suitable area. 

Figure 4B shows a number of different passages that use valves and are 
therefore opened and closed. The passage 24 connecting the crankcase volume 
and the lubricating place constituted by the valve drive assembly housing, 19, 20, 

10 21, 21% 22 is provided with a check valve. This check valve can be arranged to 
allow flow only into the valve drive assembly housing. It can also be arranged to 
allow flow only from the valve drive assembly housing. Usually it is in either 
case combined with another small size passage that is either free from valve or 
controlled by a valve. This also applies for the passages 25, 26 and 27. The 

15 passage 25 is controlled by the piston 3, so that it is opened and shut by the 
piston during every stroke of the piston. The passage 26 is controlled by an axial 
surface of the crank mechanism 31\ By comparison with figure 3B it is evident 
that the passage 26 will be opened and shut during every revolution of the 
crankshaft. The crank mechanism therefore forms a rotary valve opening and 

20 shutting with possibly down to half the frequency of the opening and shutting 
provided by the piston for passage 25. The rotary valve control can therefore 
provide more possibilities for the control. Another example of a rotary valve 
controlled passage is passage 27, which is controlled by the peripheral outer 
radius of crank mechanism 31. 

25 As evident from figure 5 the overflow channel 17 is provided with a check 

valve 30 to allow flow only from the crankcase. This will provide a pressure 
charging of the engine increasing its power. The check valve 30 can also be 
substituted by a piston ported valve or by a rotary valve in the same way as 
shown for passage s 25 and 26, 27 in figure 4B. Thereby an unrestricted flow can 

30 be achieved in the overflow channel 17. As seen the intake channel 16 is 
controlled by the piston 3, i.e. a piston ported design. It could however also be 
controlled by a check valve or by a rotary valve. In case both the overflow 
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channel 17 and the intake channel 16 are controlled by a rotary valve it could be 
possible to increase the power of the engine. This is arranged through a special 
timing of all the three valves for the intake channel 16, the overflow channel 17 
and the intake valve 8. If a so called overlap is arranged, i.e. all three valves are 

5 open at the same time the momentum of a flowing gas in the overflow channel 17 
can be vised to increase the charge into the combustion chamber 6. This will 
increase the power of the engine. Two different rotary valve arrangements have 
been shown. But the rotary valve can also be constituted by parts driven by the 
cam shaft or driven at the same speed as the cam shaft, i.e. half the speed of the 

10 crankshaft. This can provide special tuning possibilities. 

The engine described in figure 1-6 uses a push rod arrangement for the 
valve control. It is a so called OHV-engine. But the principles described for 
lubricating the valve drive assembly housing 19, 20, 21, 21% 22 can also be used 
for other types of valve drive assemblies. Instead of gear wheels 29 and 39 two 

15 corresponding chain sprockets could be used connected with a chain. The higher 
sprocket would be supplied with a cam 40. In this way the cam 40 could be 
located higher up in the engine to shorten the push rods 37, 37' or to eliminate 
them. It is also possible to use gear wheels located between gear wheels 29 and 
39 to accomplish the same result. The engine could also be of a so called side 

20 valve type. The cam followers 41, 41' could in this case control the valves 
directly. 

Figure 6 shows an engine with a cam shaft 45 located above the valves 
and controlling them, either directly or via rocker arms. This is a so called OHC- 
engine. It uses a pulley 29' and a pulley 44 connected by a toothed belt 46. This 

25 is a conventional design and is therefore not further described. As the belt should 
not be lubricated it is possible to use a valve drive assembly housing comprising 
only a top section 22. This housing section 22 is in communication with the 
crankcase volume through at least one small size passage. Many alternatives are 
possible. There could be only one passage 23 free of valves. This passage can be 

30 supplemented by another passage using a check valve 24 or a piston ported valve 
25 or a rotary valve 26 or 27 as described in figure 4b. Different combinations 
including two passages free of valves 23 are possible as well as different 
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combinations of passages using a . valve. Using a passage with a valve can 
increase the flow of air and lubricant to the top section 22. 

5 
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CLAIMS 

1. A crankcase scavenged and lubricated four-stroke engine (1) 
comprising: 
5 a cylinder (2); 

a piston (3) movably mounted in the cylinder in order to rotatingly drive a 
crankshaft (4) via a connecting rod (5); 

the cylinder and the piston conjointly delimiting a combustion chamber (6); 

the cylinder having an intake opening (7) and an intake valve (8) for opening and 
10 closing the intake opening; 

the cylinder having an exhaust opening (9) and an exhaust valve (10) for opening 

and closing the exhaust opening, followed by an exhaust duct (28); 

a mixture-preparation device (15) for supplying an air/fuel-lubricant mixture or 

for supplying in two steps an air/lubricant mixture and an air/fuel mixture; 
15 a crankcase (11) connected to the cylinder and delimiting together with the 

underside of the piston (3) a crankcase volume (12) , to which at least air (13) 

and lubricant (14) is supplied by the mixture preparation device; 

an intake channel (16) connecting to the crankcase or cylinder to supply at least 

air (13) to the crankcase volume (12); 
20 an overflow channel (17) connecting to the crankcase or cylinder and to the 

intake opening (7) with intake valve (8) to supply to the intake at least air and 

lubricant from the crankcase volume; 

a valve drive assembly (18) driven by said crankshaft (4) for actuating the intake 
valve (8) and the exhaust valve (10), characterized in that it further 
25 comprises: 

a valve drive assembly housing (19, 20, 21, 21', 22) comprising one or more 
sections (19, 20, 21, 21% 22) which is/are separate from the crankcase volume 
but in communication exclusively with the crankcase volume through at least one 
small size passage (23, 24, 25, 26, 27), and each section (19, 20, 21, 21', 22) of 
30 the valve drive assembly housing has a lowest part situated higher in the axial 
direction of the cylinder bore, i.e. closer to the combustion chamber, than the 
lowest part of the crankcase. 
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2. A four-stroke engine according to claim 1, wherein the valve drive 
assembly has a crankshaft gear wheel (29) or a chain sprocket arranged on the 
crankshaft and the lowest section (19) of the valve drive assembly housing that 

5 surrounds this gear wheel has an approximate radius that is considerably smaller 
than the corresponding radius of the crankcase and can therefore not form an oil 
sump. 

3. A four-stroke engine according to claim 1, wherein the at least one 
small size passage (23) is free from valves. 

io 4. A four-stroke engine according to claim 3, wherein there is only a 

single small size passage (23) free from valves. 

5. A four-stroke engine according to claim 1, 2 or 3, wherein the at least 
one small size passage (24) or duct connecting the crankcase volume and the 
lubricating place constituted by the valve drive assembly housing (19, 20, 21, 

15 21% 22) is provided with a check valve. 

6. A four-stroke engine according to claim 5, wherein the check valve is 
arranged to allow flow only into the valve drive assembly housing. 

7. A four-stroke engine according to claim 5 or 6, wherein the check valve 
is arranged to allow flow only from the valve drive assembly housing. 

20 8. A four-stroke engine according to claim 1-3 or 5-7, wherein the at least 

one passage (25) is opened and shut by the piston (3). 

9. A four-stroke engine according to any one of the preceding claims, 
wherein the at least one passage (26, 27) is controlled by a rotary valve. 

10. A four-stroke engine according to any one of the preceding claims, 
25 wherein the at least one small size passage (23, 24, 25, 26, 27) has a combined 

cross-section area smaller than the cross-section area of an aperture with a 
diameter of 40 % of the cylinder diameter, and preferably of 30 % of the cylinder 
diameter. 

30 
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11. A four-stroke engine according to any one of the preceding claims, 
wherein the at least one small size passage (23, 24, 25, 26, 27) has a combined 
cross-section area smaller than the cross-section area of an aperture with a 
diameter of 20 % of the cylinder diameter, and preferably of 10 % of the cylinder 

5 diameter. 

12. A four-stroke engine according to any one of the preceding claims, 
wherein the mixture preparation device is in the form of a carburettor or low- 
pressure injection system providing an air-fuel-lubricant mixture to the crankcase 
volume. 

10 13. A four-stroke engine according to any one of the preceding claims, 

wherein the mixture preparation device is in the form of a two step apparatus, the 
first step mixing lubricant from a tank with air in the intake duct or in the 
crankcase volume and the second step mixing fuel and air in the over-flow 
channel (7). 

15 14. A four-stroke engine according to any one of the preceding claims, 

wherein the overflow channel (17) is supplied with a check valve (30) to allow 

flow only from the crankcase. 

15. A four-stroke engine according to any one of the preceding claims, 

wherein the overflow channel (17) is controlled by a rotary valve. 
20 16. A four-stroke engine according to claim 15, wherein both the overflow 

channel (17) and the intake channel (16) is controlled by a rotary valve. 

17. A four-stroke engine according to claim 9, 15 or 16, wherein the rotary 
valve is constituted by the crank mechanism (31,31'). 

18. A four-stroke engine according to claim 9 or 15, wherein the rotary 
25 valve is constituted by parts driven by the cam shaft or driven at the same speed 

as the cam shaft, i.e. half the speed of the crankshaft 
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ABSTRACT 



1 A crankcase scavenged and lubricated four-stroke engine (1) comprising 

2 especially: a mixture-preparation device ( 1 5) for supplying an air- fuel-lubricant mixture; 

3 an intake channel (16) connecting to the crankcase or cylinder to supply at least air (13) 

4 to the crankcase volume (12); an overflow channel (17) connecting to the crankcase or 

5 cylinder and to the intake opening (7) with intake valve (8) to supply to the intake at least 

6 air and lubricant from the crankcase volume; a valve drive assembly (18) driven by a 

7 crankshaft (4) for actuating the intake valve (8) and the exhaust valve ( 1 0); a valve drive 

8 assembly housing (19, 20, 21, 2l\ 22) comprising one or more sections (19, 20, 21, 2 1\ 

9 22) which is/are separate from the crankcase but in communication exclusively with the 

1 0 crankcase volume via at least one small size passage (23, 24, 25, 26, 27), and each section 

11 (19, 20, 2 1 , 2 T, 22) of the valve drive assembly housing has a lowest part situated higher 

12 in the axial direction of the cylinder bore, i.e. closer to the combustion chamber, than the 

13 lowest part of the crankcase. 




Fig. 1 




Fig. 4A 



5/7 



10/501804 




Fig. 4B 




Fig. 5 



